Characterization of crustacean cardioactive peptide as a novel insect midgut factor: isolation, localization, and stimulation of alpha-amylase activity and gut contraction.
The midgut, which plays a major role in the feeding behavior of insects, is believed to be controlled by various factors including neuropeptides. In the present study, we identified a neuropeptide crustacean cardioactive peptide (CCAP) as a novel gut factor in insects. CCAP was isolated from the midgut of the cockroach, Periplaneta americana. RT-PCR analysis detected the expression of the cockroach CCAP mRNA in the ventral nerve cord and the midgut, revealing the production of CCAP in the midgut as well as the central nervous system. Moreover, we observed expression of the CCAP gene in the endocrine cells of the midgut by in situ hybridization, and immunohistochemical analysis showed that CCAP was distributed around the lateral surfaces of the endocrine cells. Elevation of alpha-amylase activity was observed upon addition of CCAP to the midgut. These results suggest that CCAP is involved in digestion of carbohydrate in a paracrine manner. In situ hybridization and immunohistochemistry also revealed CCAP expression in the cell bodies of the ingluvial ganglion, which innervates the midgut muscle layer but not the epithelium, indicating that CCAP is produced in the ingluvial ganglion and then transported to the muscle layer through nerve fibers. Furthermore, CCAP was found to stimulate the contraction of the foregut, midgut, and hindgut in a dose-dependent manner. Taken together, our data indicate the multifunctionality of CCAP in the regulation of gut tissues as both a neuropeptide and a novel midgut factor.